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Abstract 
In this retrospective study, we describe the histopathological findings in 7 papillomas and 45 
squamous cell carcinomas (SCCs) from psittacine birds, raptors and domestic fowl. The age of 
affected birds ranged from 3 to 40 years, with median age significantly higher in psittacine 
birds (P=0.014). The majority of tumours were located on the skin (24/52, 46.2%) or uropygial 
gland (10/52, 19.2%). Of the SCCs, 30 (66.7%) were well differentiated and 15 (33.3%) were 
poorly differentiated. SCCs exhibited a significantly higher degree of nuclear pleomorphism 
(P=0.005) and a greater proportion exhibited surface ulceration (P=0.001) compared to 
papillomas, however there was no significant difference in mitotic count or inflammation score. 
The expression of Cox-2 and E-cadherin was investigated by immunohistochemistry. Tumours 
were assigned a Cox-2 total score (TS) based on the intensity multiplied by the distribution of 
labelling. The Cox-2 TS was significantly higher in SCC compared to papillomas (P=0.002), 
but the difference between Cox-2 TS of well and poorly differentiated SCC was not significant. 
Cox-2 labelling was predominantly cytoplasmic but some tumours exhibited concurrent 
membranous and/or perinuclear labelling. SCCs exhibiting membranous labelling had a 
significantly higher mitotic count (P=0.028). Tumours were determined to be negative for E-
cadherin if there was loss of membranous expression in >/= 65% of neoplastic cells. A 
significantly higher proportion of SCCs were negative for E-cadherin compared to papillomas 
(P=0.042), but no significant difference was observed between well and poorly differentiated 
SCCs. Fourteen papillomas and SCC from psittacine birds were also tested by PCR for the 
presence of Psittacus erithacus papillomavirus 1 (PePV1) and Psittacid herpesvirus 1 
(PsHV1), however all samples tested negative. We demonstrate for the first time the expression 
of Cox-2 and E-cadherin in avian tissues, and suggest that these markers may be useful in 
differentiating papillomas from SCCs, particularly when sample size is small. We also propose 
that selective Cox-2 inhibitors may have therapeutic value in the treatment of SCCs in birds.  
 
Introduction 
In birds, cutaneous papillomas are common in chaffinches (Fringilla coelebs) (Lina et al., 
1973) (Osterhaus et al., 1977), and have been described on the beaks and heads of canaries 
(Dom et al., 1993). Papillomas arising on mucosal surfaces of the oral cavity, pharynx, choanal 
slit and cloaca are commonly described in psittacine birds such as macaws and cockatoos, a 
condition commonly referred to as ‘internal papillomatosis of parrots’ (Gallagher and Sullivan, 
1997; Sundberg et al., 1986) (Latimer et al., 1997) (Gartrell et al., 2009).  
 
Squamous cell carcinomas (SCCs) have been reported in the oral cavity, pharynx and 
oesophagus of domestic fowl (Anderson and Steinberg, 1989; Hatkin et al., 2002; Laura et al., 
2016; Vazquez et al., 2003), a Montagu’s harrier (Ramis et al., 1999), and an Amazon parrot 
(Murtaugh et al., 1986), and from the uropygial gland of penguins (Rettenmund et al., 2015). 
SCC of the skin is one of the most common skin tumours in broiler chickens and a cause of 
carcase condemnation at slaughter (Nakamura et al., 2010).  These lesions appear to originate 
from feather follicle epithelium and histologically have a central ‘cup’-shaped cavity lined by 
neoplastic epithelium (Shivaprasad, 2008). Interestingly, in young broilers, dermal SCCs are 
reported to regress over time, and the term avian keratoacanthoma, due to its resemblance to 
the human counterpart, has been proposed as a more appropriate name (Hafner et al., 1991; 
Hafner et al., 1993).   
 
In humans and animals, the expression of molecular markers involved in tumour growth, 
proliferation, apoptosis, suppression, angiogenesis, invasion and metastasis have been 
extensively studied for their diagnostic, prognostic and predictive value (Lothaire et al., 2006) 
(Ramos-Vara, 2016). One molecule extensively investigated for its role in human 
tumorigeneses is Cox-2 (Greenhough et al., 2009) which has also been studied in a variety of 
tumours of dogs, cats and horses  (Dore, 2011). Cox-2 is usually undetectable in normal skin 
and epithelial surface but can be induced by mitogens, cytokines, hormones and growth factors. 
(Dubois et al., 1998). Cox-2 expression has been extensively investigated in human colorectal 
cancer and the pro-inflammatory and tumour promoting effects of Cox-2 are believed to be 
mediated through prostaglandin E2 (PGE2) (Wang and Dubois, 2010) with several reports 
showing that PGE2 promotes tumour growth by stimulating angiogenesis, cell invasion, cell 
growth and survival (Wang and Dubois, 2006). Cox 1 and Cox-2 overexpression has been 
detected in cutaneous SCCs in dogs (Bardagi et al., 2012) and oral SCCs in cats (Hayes et al., 
2006), and has been associated with progression of SCCs in dogs and cats (Millanta et al., 
2016). Another molecule extensively studied in SCCs for its role in epithelial to mesenchymal 
transition is the intercellular adhesion molecule E-cadherin. Reduced membranous expression 
of E-cadherin is frequently reported in human SCCs (Bankfalvi et al., 2002; Jeanes et al., 2008; 
Re et al., 2018; Zhou et al., 2015), and has been described in dogs (Mestrinho et al., 2015; 
Nagamine et al., 2017) and horses (Suarez-Bonnet et al., 2018). In birds on the other hand, 
there is a lack of published information on expression of tumour markers.  
 
Out of the seven papillomaviruses identified in birds to date, three have been associated with 
cutaneous papillomas and include Fringilla coelebs papillomavirus 1 (FcPV1) from the 
common chaffinch (Osterhaus et al., 1977), Fulmarus glacialis papillomavirus 1 (FgPV1) from 
a Northern Fulmar (Gaynor et al., 2015) and Psittacus erithacus papillomavirus 1 (PePV1) 
from African Grey Parrots (Latimer et al., 1997; O'Banion et al., 1992; Tachezy et al., 2002). 
The other four avian papillomaviruses have been identified from mucosal swabs, healthy skin 
and faeces (Truchado et al., 2018). Papillomaviruses are not reported to be associated with 
mucosal papillomas of psittacine birds; instead there is increasing evidence of the involvement 
of a herpesvirus, specifically Psittacid herpesvirus (PsHV) type 1 (Johne et al., 2002) (Styles 
et al., 2004) the causative agent of Pacheco’s disease (Tomaszewski et al., 2001). It appears 
that the outcome of infection with PsHV1 depends on the genotype of the virus and the species 
of bird exposed (Zsivanovits, 2018). The aetiology of SCCs in birds has not been determined, 
however in chickens, virus infection e.g. fowlpox virus (Fallavena et al., 2002; Fallavena et 
al., 1997), chemical irritants (Rigdon and Brashear, 1954), breed, reused litter, and season have 
all been suggested (Nakamura et al., 2010). No consistent association with a viral agent has 
been shown to date.  
 
Here we present the histopathological findings in a series of avian papilloma and SCC cases 
and use these tissues to investigate the expression of Cox-2 and E-cadherin, and the relationship 
between the expression of these markers and signalment, location and histopathological 
findings. We also take the opportunity to screen a selection of the tumours for the presence of 
papillomavirus and herpesvirus by PCR testing.  
 
 
Materials and methods 
Case selection 
The databases of the Anatomical Pathology Diagnostic Service, Campus of the Agrifood, 
Forestry and Veterinary Sciences, Lleida University, Spain, and the International Zoo 
Veterinary Group (IZVG) Pathology, Keighley, UK, were searched using the following key 
words; ‘avian’, ‘papilloma’ and ‘squamous cell carcinoma’, between the time period January 
1st, 2004 to December 31st, 2016. A total of 117 cases were identified (34 papillomas, 83 
SCCs). Cases with only small amounts of tissue, or where tissue was markedly autolysed or 
necrotic were excluded. A total of 52 cases of papilloma or SCC were eventually selected. 
Histological evaluation 
Haematoxylin and eosin (HE) stained tissue sections were examined by two veterinary 
pathologists (ALJ and SLP). The neoplasms were analysed at the core and at the invasive front, 
i.e. at the border of the neoplasm with normal dermis or subcutis. Neoplasms were classified 
histologically into papilloma if the findings were limited to a well demarcated, exophytic 
proliferation of epidermis or mucosal epithelium, and SCC if showing invasion below the 
basement membrane (Goldschmidt, 2017). SCCs were categorised as well or poorly 
differentiated based on the presence or absence, respectively, of stratified layers of epithelial 
cells undergoing progressive keratinization and the formation of keratin pearls (Goldschmidt, 
2017); the degree of nuclear pleomorphism and mitotic count was not taken into account in 
assessment of differentiation. Examination included determination of mitotic count (MC) by 
quantification of mitotic figures in 10 high power fields (x400), semi-quantitative scoring of 
nuclear pleomorphism (none, 0; moderate, 1; marked, 2), semi-quantitative scoring of 
inflammation within the bulk of the neoplasm, avoiding areas adjacent to ulceration (none, 0; 
moderate, 1; marked, 2), and recording the presence or absence of surface ulceration.  
Immunohistochemistry 
Sections of formalin fixed paraffin-embedded tissues were cut at 4μm onto positively charged 
coated glass slides (SuperFrost Plus, Thermo Fisher Scientific, UK). Immunohistochemical 
analysis was performed on a BondMax Autostainer (Leica, UK). Tissues were incubated with 
the following monoclonal antibodies: Cox-2 (clone SP-21, 1:150, Thermo, UK) and E-cadherin 
(NCH-38, 1:100, Dako, UK). Heat induced antigen retrieval was performed using a pH 6 buffer 
(Bond ER1; Leica, UK). The Bond Polymer Refine Detection kit (Leica, UK) was used for 
visualisation. A positive reaction for Cox-2 was indicated by distinct cytoplasmic labelling in 
the macula densa of normal canine kidney. A positive reaction for E-cadherin was indicated by 
the presence of distinctive membranous labelling of the epidermis on sections of normal 
chicken skin. Negative controls were prepared by replacing the primary antibody with Leica 
Antibody Diluent (Leica, UK) only. Analysis was performed independent of other histological 
features with a light microscope by two veterinary pathologists (ALJ and SLP) who were 
blinded to signalment and location. Cell markers were evaluated at the core and at the invasive 
front of SCC in areas minimally affected by background staining and minimally associated 
with inflammation, and evaluation of ten high power fields (x400) was undertaken where 
possible before allocating a score. For Cox-2, a Cox-2 total score (TS) was assigned based on 
the intensity of staining (none, 0; weak, 1; moderate, 2; strong, 3) multiplied by the percentage 
of positive tumour cells (0%, 0; <25%, 1; 25-50%, 2; 51-75%, 3; >75%, 4) in the areas 
examined. The location of Cox-2 labelling was also recorded for each case; labelling which 
outlined the cell membrane was categorised as ‘membranous’; labelling within the cytoplasm 
was categorised as ‘cytoplasmic; and labelling which outlined the nuclear membrane was 
categorised as ‘perinuclear’. For E-cadherin, labelling intensity was compared to normal 
epithelium (if available in the section). Labelling which outlined the cell membrane was 
categorised as ‘membranous’, and labelling within the cytoplasm was categorised as 
‘cytoplasmic’. The percentage of neoplastic cells expressing membranous, cytoplasmic, 
membranous and cytoplasmic, or no E-cadherin labelling was recorded. Tissues were 
considered negative if >/= 65% of cells in examined areas showed an absence of membranous 
E-cadherin expression (da Cunha et al., 2016). 
Statistical analysis 
Results were analysed for any significant relationship between the following: signalment (age, 
sex, species), location on the body, histopathological features (diagnosis (papilloma or SCC), 
differentiation of SCCs (well or poor), MC, nuclear pleomorphism score, inflammation score, 
presence or absence of surface ulceration) and immunohistochemistry (Cox-2 TS, Cox-2 
location of labelling, and E-cadherin (positive or negative). The statistical significance of any 
relationship was tested using IBM SPSS Statistics V25. To test for the significance of a 
relationship between two categorical variable, a chi-squared test was used; for continuous data, 
the Student’s t-test, ANOVA, Mann-Whitney U test or Kruskal-Wallis test was used depending 
on whether or not the data was normally distributed, and whether two, or more than two groups, 
were compared. The Pearson’s correlation co-efficient was used to define a potential 
correlation between continuous variables. The significance level for all statistical tests was set 
at P <0.05. 
DNA extraction 
Cases for PCR were selected from the psittacine group and were selected based on the quantity 
and quality of formalin-fixed paraffin embedded tissue available. Four 4μm scrolls of tissue 
were taken from each block and purification of genomic DNA was carried out using a 
commercially available kit and following the manufacturer’s instructions (QIAamp DNA FFPE 
tissue kit, Qiagen, UK). To avoid cross contamination, samples were processed individually. 
DNA was eluted in 50 µL of elution buffer and nuclei acid concentration was determined using 
a spectrophotometer (DS-11 Spectrophotometer, DeNovix, USA). Extracted DNA was stored 
at -20ᵒC.  
PCR amplification 
To confirm the integrity of extracted DNA, a set of primers designed to amplify the 18S rRNA 
gene in the chicken (Gallus gallus) genome was used (Table 1) (Schrenzel et al., 2005).  
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Table 1. Details of primer sequences used 
The presence of very similar sequence within the African grey parrot (Psittacus erithacus) 
genome was confirmed with a BLAST search.  For positive control, an artificial plasmid 
containing a 729bp synthetic avian papillomavirus gene fragment based on the L1 major capsid 
protein region (Perez-Tris et al., 2011) (Styles et al., 2004) and another containing a 667bp 
synthetic psittacine herpesvirus gene fragment which spanned a section of the UL16/UL17 
gene (Styles et al., 2004) was assembled using overlapping synthetic oligonucleotides and 
PCR, and inserted into pMA-RQ plasmid (GeneArt Plasmid Services, ThermoFisher Scientific, 
UK).  
To amplify papillomavirus DNA, two primers based on L1 capsid protein were used separately: 
ppv6621fmod and ppv6810r (Styles et al., 2004), and BconPVF1 and BconPVR1 (degenerate 
primers) (Perez-Tris et al., 2011) (Table 1). Briefly, 50uL of reaction mixture contained 10µL 
of 1 x buffer, 1.5mM of MgCl2, 0.2mM of dNTPs, 0.025 units of GoTaq® DNA Polymerase 
(Promega, UK), 0.4µM of forward primer, 0.4µM of reverse primer and 5μL of DNA from 
biopsies, or 1.5x108 copies of the positive control plasmid per reaction, or PCR-grade water 
(negative control). The reaction conditions used were as described (Perez-Tris et al., 2011). 
The reaction involved denaturation at 95oC for 1 min, 45 PCR cycles at 50oC for 1 min each, 
extension at 72oC for 1 min and a final extension step at 72oC for 5 min.  
To amplify herpesvirus DNA, primers 23Ff5a and 23Fr3 were used (Styles et al., 2004) (Table 
1). The reaction mixture was the same as used for the papillomavirus reaction except 2.5mM 
of MgCl2 was used and (X – To follow) copies of the positive control plasmid per reaction. The 
reaction conditions were as described (Styles et al., 2004) and involved denaturation at 94ᵒC 
for 5 min, 40 PCR cycles at 60ᵒC for 45 seconds each, extension at 72ᵒC for 90 seconds, and a 
final extension step at 72ᵒC for 5 min.  
All PCRs were performed on a TC-412 thermal cycler (Techne, UK). PCR products were 




Signalment and location 
A total of 52 cases were examined. Thirty-two (61.5%) cases were from psittacine and 20 
(38.4%) cases were from non-psittacine birds (17 (85%) raptors and 3 (15%) domestic fowl). 
Age ranged from 3 to 40 years with a median of 10.5 years. The median age was significantly 
higher in psittacines (18) compared to raptors (10) and domestic fowl (5) (P=0.014). The sex 
was female in 14 (26.9%), male in 19 (36.5%), and not specified in 19 (36.5%) cases. Tumours 
were from a range of locations including skin (n=24, 46.2%), uropygial gland (n=10, 19.2%), 
oropharynx (n=7, 13.5%) and cloaca (n=3, 5.8%) (Appendix 1).  
 
Histopathology 
A diagnosis of papilloma was made in 7 (13.5%) (all psittacine) cases (Figure 1A) and SCC in 
45 (86.5%) cases (24 (53.3%) psittacines, 18 (40%) raptors and 3 (6.7%) domestic fowl). The 
median age in papilloma and SCC cases was 7 (min-max; 2-7) and 10.5 (min-max; 1-40) years 
respectively. The sex distribution was as follows; papillomas (1 (14.3%) male, 1 (14.3%) 
female, 5 (71.4%) unspecified), SCC (18 (40%) males, 13 (28.9%) females, 14 (31.1%) 
unspecified). Papillomas were located in the uropygial gland (n=2, 28.6%), cloaca (n=1, 
14.3%), oropharynx (n=1, 14.3%), and SCC cases were located in the skin (n=24, 53.3%), 
uropygial gland (n=8, 17.8%), oropharynx (n=6, 13.3%) and cloaca (n=2, 4.4%) (Table 2).   
The median mitotic count of papillomas was 7 (min-max: 1-20)) and 17 for SCCs (min-max: 
0-51) (P=0.103). SCCs exhibited a significantly higher degree of nuclear pleomorphism 
compared to papillomas (P=0.005) but no significant relationship was associated with degree 
of inflammation (P=0.145). Surface ulceration was present in 3 (42.9%) papillomas and 42 
(93.3%) SCCs (P=0.001). Of the SCCs, 30 (66.7%) were well differentiated (Figure 1B) and 
15 (33.3%) were poorly differentiated (Figure 2A and 2B). No significant relationship was 




Figure 1. A, Papilloma (Bar = 200μm) B, Formation of keratin pearls in a well-differentiated 
SCC (Bar = 50μm) (H+E). 
 
Figure 2. A, Disorganised cords of neoplastic cells in a poorly differentiated squamous cell 
carcinoma (Bar = 100μm). B, Formation of bizarre nests of neoplastic cells in a poorly 
differentiated SCC (Bar = 20μm) (H+E). 
 
Immunohistochemistry 
Cox-2 labelling in neoplastic cells was predominantly cytoplasmic (Figure 3A). The median 
Cox-2 TS was significantly higher in SCC (3, min-max: 0-12) compared to papillomas (1, min-
max: 0 to 4) (P=0.002). The median Cox-2 TS for well and poorly differentiated SCCs was 
3.47 (min-max: 0-12) and 6 (min-max: 1-12) respectively (P=0.070). No significant 
relationship was detected between Cox-2 TS and signalment, location and histopathological 
features. Cox-2 membranous labelling was also detected in 12 out of 52 (23%) cases (Figure 
3B); 11 (91.7%) of these were SCCs. Of the SCCs expressing membranous Cox-2 labelling, 
10/11 (90.9%) were in psittacine birds (P=0.035). The median MC for SCCs exhibiting 
membranous Cox-2 labelling was significantly higher (24 (min-max; 0-51)) compared to SCCs 
not expressing membranous labelling (12 (min-max; 0-50)) (P=0.028). No other significant 
relationship was found between membranous Cox-2 labelling and signalment, location, 
histopathological and immunohistochemistry results. Cox-2 exhibited perinuclear labelling in 
5 out of 52 (9.6%) cases, all of which were SCCs.  No significant relationship was found 
between perinuclear Cox-2 labelling and signalment, location, histopathological features and 
immunohistochemistry results.  
 
Figure 3. A, Bizarre cords of neoplastic cells exhibiting strong cytoplasmic labelling for Cox-
2. Mitotic figures are highlighted with black arrows (Bar = 20μm). B, Nests of poorly-
differentiated neoplastic cells exhibiting strong membranous labelling for Cox-2 (Bar = 20μm). 
 
E-cadherin expression was negative in 25 (55.6%) SCCs and one (14.3%) papilloma (P=0.042). 
E-cadherin expression was negative in 10 (66.7%) poorly, and 15 (50%) well differentiated 
SCCs (P=0.289) (Figure 4A and 4B). No significant relationship was detected between E-
cadherin expression and signalment, location, histopathological features and Cox-2 
immunohistochemistry. 
 
Figure 4. A, Cords and trabeculae of neoplastic cells in a SCC exhibiting membranous labelling 
for E-cadherin (Bar = 20μm). B, Cords and nests of neoplastic cells in a poorly differentiated 




The 18S rRNA gene was amplified from all 14 samples tested, confirming the presence of 
avian DNA. PePV and PsHV DNA was detected from the positive control; however, all 14 
tissues tested negative for PePV and PsHV DNA. 
 
Discussion 
In this study, we have successfully demonstrated the expression of Cox-2 and E-cadherin in 
birds for the first time. To assess the expression, we designed a simple grading scheme with 
clear categorisation for semi-quantitative scoring of percentage of tumour labelling and 
intensity of labelling to minimise inter- and intra-observer bias. The expression of Cox-2 was 
significantly higher in SCCs compared to papillomas as is frequently found in epithelial 
tumours of humans and other animals (Queiroga et al., 2011; Suarez-Bonnet et al., 2018) but 
did not differ significantly between well and poorly differentiated SCCs. Cox-2 labelling was  
predominantly cytoplasmic but in some also exhibited concurrent membranous and perinuclear 
labelling. The majority of membranous labelling (90.9%) was in psittacine birds, and the 
mitotic count was found to be significantly higher in those tumours exhibiting membranous 
Cox-2 labelling. The significance of this is unclear but may reflect a more malignant 
phenotype. No nuclear labelling was observed. Frequently, Cox-2 expression was identified 
around areas of inflammation, this being expected as Cox-2 is the inducible isoform of Cox 
that is rapidly induced by exposure to mitogens, including various cytokines and growth 
factors, for example interleukin-1α, tumour necrosis factor-α, platelet-derived growth factor, 
epidermal growth factor, and bacterial lipopolysaccharide (Greenhough et al., 2009; Jones and 
Budsberg, 2000). These areas were carefully excluded from analysis as described in the 
materials and methods. In humans, use of non-steroidal anti-inflammatory drugs (NSAIDs) 
have shown to be associated with a significant reduction in colorectal cancer (Backlund et al., 
2005) and has shown promise therapeutically in non-small cell lung cancer (Liao et al., 2005), 
oesophageal cancer (Liu et al., 2008; Pan et al., 2005) and in the treatment of pre-invasive 
disease (Steinbach et al., 2000). Selective Cox-2 inhibitors in hairless mice prevented new 
tumour formation (Fischer et al., 1999). In animals, it is also shown to be beneficial in the 
treatment of canine prostatic carcinoma (Sorenmo et al., 2004), canine transitional cell 
carcinoma (Knapp et al., 1994), canine oral squamous cell carcinoma (Schmidt et al., 2001) 
and in a mucocutaneous SCC in a single horse (Moore et al., 2003). The findings of this study 
suggest that the use of Cox-2 inhibitors may be a valuable adjunct in the treatment of SCCs in 
birds, particularly when complete surgical excision might not be possible.  
 
A significantly greater proportion of SCCs were negative for E-cadherin expression, based on 
the loss of membranous expression >/=65% of neoplastic cells, compared to papillomas.  E-
cadherin is a cell membrane spanning glycoprotein, which has extracellular regions that bind 
to the ectodomain of cadherins on neighbouring cells. It is responsible for maintaining cell to 
cell cohesion and recognition during sorting and tissue reorganisation, cell upon cell 
locomotion and epithelial polarity (Jeanes et al., 2008). Abnormal E-cadherin expression and 
the loss of cell-cell contact has been shown in human and animals to be an important step in 
tumour progression (Berx and Van Roy, 2001; Field, 1992; Nagamine et al., 2017; Zhai et al., 
2008). Our findings suggests that loss of adhesion molecule expression is also important in 
progression of avian SCC. In addition to cell to cell recognition, E-cadherin is linked to a range 
of fundamental intracellular processes e.g. actin cytoskeleton, cell signalling and trafficking 
via their cytoplasmic tails that link to a range of proteins e.g. α and β-catenin. The expression 
of these proteins has been investigated previously in mammalian SCCs (Moles et al., 2016) but 
has not been investigated in epithelial tumours of birds to date.    
As expected, there was a higher degree of nuclear pleomorphism and surface ulceration in 
SCCs compared to papillomas. Apart from a significantly higher mitotic count in tumours 
exhibiting membranous Cox-2 expression, mitotic count was not found to be associated with 
any other feature. Mitotic count in other studies is shown to be associated with higher tumour 
grades, poorly differentiated tumours and poor prognosis, and forms the basis of many grading 
criteria’s (Dennis et al., 2011; Kiupel et al., 2011; Valli et al., 2011).   
 
Age of affected birds varied widely reflecting the long lifespan of psittacine and raptor birds. 
Tumours were most commonly located on the skin. This may be because these tumours were 
visible to owners and identified earlier, and thus perhaps considered better candidates for 
intervention by clinicians. In psittacine birds, 19% of the tumours were located at or around 
the uropygial gland, which is not an uncommon location to find papillomas and SCCs 
(Beaufrere et al., 2007; Hatkin et al., 2002; Rettenmund et al., 2015). The uropygial gland, 
which is located on the dorsal aspect of the tail is prominent in budgerigars (Melopsittacus 
undulates) and African grey parrots (Psittacus erithacus), and may be exposed to increased 
levels of ultraviolet light offering a potential reason for the preponderance of tumours at this 
location. Uropygial gland blockage with secondary infection and self-trauma is also relatively 
common in parrots, especially malnourished and older birds (Hunt, 2018) and epithelial 
dysplasia secondary to this may predispose to neoplastic transformation (Rettenmund et al., 
2015). It should however be noted that the uropygial gland is absent from some parrots e.g. 
Amazon parrots (Amazona sp.) and other species such as ostriches (Struthio camelus) and many 
pigeons (Columbidae sp.) (Sandmeier, 2018).  
 
As clinical history was limited, and follow up information unavailable, we were unable to 
correlate immunohistochemistry grading with tumour size, presence of metastasis and survival.  
Carcinomas in mammals commonly metastasise via the lymph node and examination of local 
lymph node is routinely undertaken for staging in dogs and cats (Biller et al., 2016). “True” 
lymph nodes equivalent to those in mammals are not present in birds, which have structures 
known as mural lymph nodes which are located lateral to the lymphatics. These do not interrupt 
lymph flow as in mammals (Oláh, 2014). Lymphatic invasion would therefore be expected to 
result in more disseminated metastasis of tumour however metastasis of SCC is rarely reported 
in birds (Ramis et al., 1999). To aid prediction of the metastatic potential of these tumours, 
evaluation of proliferative markers such as ki67 or proliferating cell nuclear antigen (PCNA) 
(Mestrinho et al., 2015), and angiogenic factors such as vascular endothelial growth factor 
(VEGF) (Millanta et al., 2016), and their relationship to Cox-2 and E-cadherin expression may 
be informative. With more complete information on tumour progression, size, and survival 
data, evaluation of a greater range of markers could be undertaken to identify which markers 
are associated with better or worse prognosis. 
 
In the 14 tumours screened by PCR, no papillomavirus or herpesvirus DNA was detected 
although positivity of all samples for an avian housekeeping gene control confirmed the 
presence of adequate DNA. However, the integrity and quantity of DNA extracted from 
formalin fixed paraffin embedded tissues may be poorer than DNA extracted from fresh 
samples. Formalin fixation can result in DNA fragmentation and formation of protein–DNA 
complexes. Autolysis and necrosis can also significantly reduce the integrity of the DNA 
(Lorenz, 2012). Spectrometry in this case however revealed satisfactory quantities and qualities 
of extracted DNA, and amplification of 18s rRNA gene was successful in each one. The tissues 
selected tested negative for PePV DNA with both primer sets. Both primer sets were designed 
against the L1 major capsid protein of PePV, which is reportedly well conserved among human 
and non-human mammalian papillomavirus species (Bernard et al., 2010). These primers 
would be expected to amplify papillomaviruses from other species if present. The negative 
result is supported by the absence of cytological changes typical of papillomavirus infection 
on histopathology such as cytoplasmic vacuolation, koilocytes and intranuclear inclusion 
bodies (Latimer et al., 1997). Papillomavirus have been previously described in carcinoma in-
situ and malignant SCCs (Eleni et al., 2017; O'Neill et al., 2011), however their role, if any, in 
the development of malignant tumours is not yet established as they can also be detected in 
healthy skin in many species (Antonsson and Hansson, 2002).  Screening of the remainder for 
papillomavirus and herpesvirus was not carried out due to the paucity of tissues available.    
 
Conclusion 
This study adds significantly to the number of avian SCCs reported in the literature and shows 
that Cox-2 and E-cadherin is expressed in avian tissues.  Increased expression of Cox-2 and 
reduced membranous expression of E-cadherin is shown to be significantly greater in SCCs 
compared to papillomas, and these findings could be a useful aid in the diagnosis of these 
conditions particularly when sample sizes are small. Based on these findings, we propose that 
use of selective Cox-2 inhibitors may have therapeutic value in SCC. Finally, no association 
with papillomavirus or herpesvirus was detected.  
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Appendix 1: Details of signalment, location and diagnosis 
Species Common name Scientific name Age (years) 





















































































































































































































































































































































































































































































































Gyr X peregrine 
falcon 
 































































































































































































Oropharyngeal - oral mucosa
 
SCC
  
 
Chicken 
 
Gallus gallus
 
3
 
F
 
Skin - foot
 
SCC
  
 
Chicken 
 
Gallus gallus
 
6
 
Unspecified
 
Skin - foot
 
SCC
  
 
 
 
